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Preface
The vas t  supp ly  o f  re la t i ve ly  cheap pe t ro leum fue l  we have had is  what  has  made our
present  s tandard  o f  l i v ing  poss ib le .  In  fac t ,  pe t ro leum is  the  bas is  o f  about  every th ing  we en joy
today .  To  main ta in  th is  s tandard ,  new sources  o f  energy  must  be  made ava i lab le .  A lcoho l  i s
one such energy source.
We read and hear  a  lo t  about  the  poss ib i l i t y  o f  us ing  a lcoho l  as  a  motor  f  ue l .  For  use  in
automobi les ,  a lcoho l  i s  mixed in  smal l  quant i t ies  w i th  gaso l ine .  Used fu l l s t rength ,  a lcoho l
a lso  may have poss ib i l i t i es  as  fue l  fo r  cer ta in  c r i t i ca l  segments  o f  our  soc ie ty ,  such as
agr icu l tu re .
The produc t ion  o f  a lcoho l  i s  a  very  sens i t i ve  p rocess .  The weather  i s  a  c r i t i ca l  fac to r  in
c rop  produc t ion ,  and i t  a lso  is  essent ia l  tha t  the  mic roorgan isms needed fo r  a lcoho l
produc t ion  be  present .  Because o f  the  w ide  pub l ic i t y  g iven  th is  f  ue l ,  th is  pub l i ca t ion  exp la ins
a lcoho l  p roduc t ion  in  some deta i l .
Th is  i s  the  las t  pub l i ca t ion  in  a  12-par t  energy  resource  ser ies  des igned fo r  the  adu l t  and
s tudent  w i th  a  ser ious  in te res t  in  the  energy  s i tua t ion .  Each pub l ica t ion  examines  a  d i f fe ren t
energy source and considers the advantages and disadvantages associated with i ts use.
When necessary, diagrams and/or tables are used to clar i fy or elaborate upon
in fo rmat ion  found in  the  tex t .  Quest ions  w i th  answers  are  inc luded a t  the  end o f  each
pub l ica t ion  so  tha t  you  can tes t  what  you have learned.
The au thor  w ishes  to  thank  Wi lbur  Frye ,  Joseph Taraba,  Lar ry  W.  Turner  and L inda
Bach,  Depar tment  o f  Agr icu l tu ra l  Eng ineer ing ,  Un ivers i ty  o f  Kentucky ,  fo r  rev iewing  the  tex t .
The Energy  Resource  Ser ies  fo r  Youth  and Adu l t  Energy  Programs inc ludes  the  fo l low ing
pub l ica t ions :
AEES-21 EnergyOverv iew
AEES-22 Def  in i t ions
AEES-23 Oi l  and Gas
AEES-24 Coal
AEES-25 Solar
AEES-26 Wind
AEES-27 Nuc lear  F iss ion
AEES-28 Nuc lear  Fus ion
AEES-29 Wood
AEES-30 Water
AEES-31 Geothermal
AEES-32 Alcohol
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Energy Resource Series for Youth
and Adult Energy Programs
12.  A lcohol
Introduction
Today we often hear discussed the potent ial
energy  conten t  and ab i l i t y  o f  a lcoho l  to  lessen our
dependence on  gaso l ine  as  a  motor  fue l .  The
a lcoho l  in  ques t ion  is  e thy l  a lcoho l ,  a  co lo r less ,
vo la t i le ,  f lammable  l iqu id  tha t  i s  der ived  f rom grow-
ing  p lan ts ,  o r  the  par ts  o f  g rowing  p lan ts ,  tha t  a re
re la t i ve ly  h igh  in  carbohydra te  conten t .
Because e thy l  a lcoho l  i s  der ived  f rom growing
p lan ts  i t  i s  an  annua l ,  renewab le  nergy  source .  Th is
cont ras ts  to  our  f  in i te  foss i l  fue ls ;  they  are  renew-
ab le ,  bu t  aeons  o f  t ime are  requ i red .  Tab le  '1  l i s ts
some p lan ts ,  f ru i ts  and gra ins  tha t  have re la t i ve ly
h igh  carbohydra te  conten t  and cou ld  be  processed
to  fo rm a lcoho l .  The l i s t  does  no t  con ta in  a l l  poss i -
b le  a lcoho l  sources ,  nor  shou ld  i t  be  imp l ied  tha t
each i tem l i s ted  w i l l  p rov ide  an  e f f i c ien t  source  o f
a l c o h o l .  I n  t h i s  p u b l i c a t i o n ,  t h e  s t e p s  r e q u i r e d  f o r
p r o d u c i n g  a l c o h o l a r e  o u t l i n e d .  Y o u  w i l l t h e n  m o r e
eas i l y  unders tand wh ich  p lan ts ,  f ru i ts  and gra ins
cou ld  be  u t i l i zed  most  p ro f i tab ly  to  make a lcoho l .
T a b l e  1 . - C a r b o h y d r a t e  C o n t e n t  o l
Common Table Foods.
Food
Carbohydra te
Content (o/o)
S u g a r  ( t a b l e )
R i c e
Prunes
Molasses  (cane)
L i m a  B e a n s
Whi te  Bread
Whole-wheat  Bread
B a n a n a
Corn  (kerne ls )
Potato
Cher ry
Grapef  ru i t
A p p l e
Pear
Orange
Origin of  Energy
Al l  l i v ing  p lan ts  ge t  the i r  energy  f  rom the  sun.
Th is  p rocess  is  ca l led  photosynthes is ,  wh ich  means
"put  together  w i th  l igh t . "  Th is  i s  l i te ra l l y  what
happens.
To he lp  you unders tand photosynthes is ,  le t ' s
take  a  b r ie f  look  a t  the  ac t ion  o f  an  e lec t r i c  eye .  Most
peop le  a re  aware  o f  the  use fu lness  o f  the  e lec t r i c
eye .  l t  can  open doors ,  count  ob jec ts  mov ing  on  an
assembly  l ine ,  make mov ies  ta lk  and ac t  as  a  burg la r
a la rm.  A l l  th is  comes under  the  head ing  o f  "photo-
electr ic effect."
l f  the surface of a piece of mater ial  is coated
wi th  a  layer  o f  ces ium (Cs) ,  e lec t rons  w i l l  be  emi t ted
f  rom th is  sur face  when i t  i s  exposed to  sun l igh t  o r
o ther  s t rong l igh t .  Ces ium is  number  55  in  the  tab le
o f  e lements .  Each ces ium a tom has  55  e lec t rons
orb i t ing  around i t  in  s ix  d i f fe ren t  leve ls .  The ou ter
leve lconta ins  on ly  one e lec t ron .  Th is  e lec t ron  is  a t  a
re la t i ve ly  g rea t  d is tance f  rom the  pos i t i ve ly  charged
center .  Because o f  th is  g rea t  d is tance the  e lec t ron
can be  knocked ou t  o f  i t s  o rb i t  i f  s t ruck  by  a
su f f i c ien t ly  s t rong fo rce .  Such ac t ion  is  ca l led  ion i -
za t ion .  The ces ium,  a f te r  los ing  an  e lec t ron ,  i s  ca l led
an ion .  Ces ium is  the  eas ies t  o f  a l l  the  e lements  to
i o n i z e .  A  p h o t o n  o f  l i g h t  v i b r a t i n g  a t  4  1 / 2  t r i l l i o n
cyc les  per  second (v is ib le  l igh t  range)  s t r i k ing  the
outer  e lec t ron  o f  ces ium has  su f f i c ien t  energy  to
remove i t  f rom orbi t .
The b i l l i ons  upon b i l l i ons  o f  e lec t rons  tha t  can
be fo rced f rom the  sur face  o f  ces ium are  made to
move th rough space to  a  h igh ly  pos i t i ve ly  charged
p la te .  These mov ing  e lec t rons  cons t i tu te  an  e lec t r i c
cur ren t  tha t  i s  the  work ing  bas is  o f  the  e lec t r i c  eye .
Th is  e lec t r i c  u r ren t ,  even though very  smal l ,  can  be
used to  cont ro l  many dev ices .  For  ins tance,  to  open
doors  a  beam o f  l igh t  i s  pos i t ioned across  the
p a t h w a y  l e a d i n g  t o  t h e  d o o r  ( F i g u r e  1 ) .  T h e  b e a m  o f
l igh t  sh ines  in to  an  e lec t r i c  eye  (ces ium-coated
mater ia l )  caus ing  the  smal l  amount  o f  e lec t r i c  cur -
r e n t  t o  f  l o w ,  w h i c h  i n  t u r n  i s  u s e d  a s  a  s i g n a l  t o
cont ro l  more  oower fu l  e lec t r i c  door  locks .  l f  a
person passes  th rough the  beam o f  l igh t ,  the  f  low o f
e lec t rons  f  rom the  ces ium in  the  e lec t r i c  eve  ceases .
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t r igger ing  the  re lease o f  the  door  locks .  The door
then swings  open by  e lec t r i c  motors  o r  spr ings ,
a l low ing  the  person to  pass .  Many t imes a  second
e lec t r i c  eye  is  used to  c lose  and lock  the  door  a f te r
the  person passes  th rough.
Chlorophyl l :  The Key
In  a l l  g reen-co lo red  par ts  o f  p lan ts ,  espec ia l l y
the  lea f  ,  ch lo rophy l l  mo lecu les  ex is t .  E lec t rons  orb i t
these la rge  molecu les .  A  photon  o f  red ,  b lue  or
v io le t  l igh t  t rave l ing  th rough space a t  the  speed o f
l igh t  (186,000 mi les  per  second)  and v ib ra t ing  a t
4 .46x  1014 or  6 .75  x  .1  014 cyc les  per  second (cps)  may
s t r i ke  one o f  these ou ter  e lec t rons  (see AEES-25
Solar  and AEES-29 Wood f  o r  more  de ta i l ) .  The f  o rce
of  th is  co l l i s ion  t rans fers  a l l  o f  the  energy ,  tha t  i s ,
quantum,  o f  the  photon  to  the  e lec t ron  and boos ts
the  e lec t ron  to  a  much h igher  energy  leve l .  The
photon ceases to exist  because al l  of  the energy was
transferred. The electron is captured by other mole-
cules and starts the f  i rst  of  several  steps of chemical
changes to  take  p lace ,  lead ing  eventua l l y  to  s imp le
sugar  compounds (carbohyd ra tes) .
- - -T- - - { -
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Fig .  1 . -Th  is  top  v iew o l  a  door  and photoe lec t r i c  ce l l  w i t  h  l ig  h t  sou  rce  i l l us t ra tes  the  ac t ion  o f  the  e lec t r i c  eye .  A  person approach ing  the
door  a long the  pa thway breaks  the  l igh t  beam and in  tu rn  s tops  the  f low o f  e lec t rons  w i th in  the  photoe lec t r i c  e l l .  When th is  in te rna l
e lec t r i c  cur ren t  s tops ,  a  s igna l  i s  sen t  to  e lec t r i c  sw i tches  tha t  open the  door .
By th is  t ime,  the  e lec t ron  has  los t  the  ex t ra
quantum g iven by  the  photon ,  and i t  re tu rns  to  the
ch lo rophy l l  mo lecu le  ready  to  be  h i t  aga in  by
another  photon .  In  a l l  th is  ac t ion  the  e lec t ron  and
ch lorophy l l  can  each be  cons idered a cata lys t .  They
each he lp  the  chemica l  reac t ions  to  take  p lace ,  bu t
they  do  no t  s tay  in  the  f ina l  compounds.
The products of these act ions are carbohydrate
molecu les .  They  are  o f  h igher  energy  conten t  than
the  or ig ina l  raw produc t  mo lecu les  by  the  amount
g iven by  the  h igh  energy  e lec t ron .  F igure  2  i l l us -
t ra tes  the  e f fec t  o f  l igh t  on  ch lo rophy l l .
E l e c t r o n  b o o s t e d
t o  n e w  o r b i t
i
- - - -  P h o t o n  P a t h
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Fig .2 . -E f fec t  o f  l igh t  on  ch lo rophy l l .  A  photon  o f  su f f i c ien t
energy  h i ts  an  ou ter  e lec t ron  o f  a  ch lo rophy l l  mo lecu le  and
boosts  i t  to  a  h igher  energy  leve l .  Here  the  h igh  energy  e lec t ron  is
captured  by  o ther  mo lecu les ,  and i t s  energy  is  used to  s ta r t
mak ing  energy  r i ch  molecu les  ca l led  carbohydra tes .
Efficiency ol Photosynthesis
Scien t is ts  es t imate  tha t  less  than one- ten th  o f  1
percent  ( '1  ou t  o f  1 ,000)  o f  the  photons  reach ing  the
surface of the earth enter into photosynthesis.  Here
are  some reasons  fo r  th is .  Many photons  do  no t  h i t
e lec t rons  o f  ch lo rophy l l  mo lecu les  because ch lo ro-
phyl l  does not completely cover the earth's surface.
Photons  migh t  h i t  e lec t rons  a  g lanc ing  b low and
bounce o f f ,  impar t ing  insu f f i c ien t  energy  to  move
the  e lec t ron  to  h igher  leve ls .  A lso ,  photons  must  be
in  a  ra ther  nar row or  spec i f i c  band o f  energy
f  requenc ies  to  move the  e lec t rons ,  tha t  i s  red ,  b lue
or  v io le t .  A l l  the  vas t  numbers  o f  o ther  photons  f rom
the sun won ' t  work .  The i r  energy  conten t  o r  f re -
quency  is  no t  cor rec t  fo r  d is lodg ing  the  e lec t ron
f rom i ts lowest orbi t .
An  in te res t ing  po in t  es tab l i shed by  research  is
tha t  p lan ts  use  f rom 15 to  50  percent  o f  the  photo-
syn the t ic  energy  fo r  the i r  own l i v ing  energy  or
metabo l rsm.  The energy  tha t  i s  le f t  over  i s  s to red  as
poten t ia l  chemica l  energy  in  the  fo rm o f  carbo-
hydra te  molecu les  in  the  p lan ts .  l t  i s  these mole-
cu les  tha t  a re  o f  in te res t  fo r  p roduc t ion  o f  a lcoho l .
Another  impor tan t  po in t  i s  tha t  p lan t  sc ien t is ts
es t imate  tha t  on ly  10  percent  o f  photosynthes is
takes  p lace  in  p lan ts  on  land.  The o ther  90  percent
takes  p lace  in  g reen a lgae in  the  oceans.  Never the-
less ,  sc ien t is ts  es t imate  tha t  the  green p lan ts  on
land manufac ture  400 b i l l i on  tons  o f  carbohvdra te
mater ial  each year.
Photosynthesis at Work
In  the  leaves  and o ther  g reen par ts  o f  p lan ts  the
raw mater ia ls ,  carbon d iox ide  (COr)  and water
(HrO) ,  a re  b roken up  and reassembled to  s ta r t  the
s teps  lead ing  to  more  compl ica ted ,  h igher  energy
c a r b o h y d r a t e  m o l e c u l e s .  T h e  c a r b o n  d i o x i d e
comes f  rom the  a tmosohere .  and the  water  comes
f rom the  so i l .
In  empi r i ca l  t ype  fo rmula ,  th is  ac t ion  is  shown
in  the  fo l low ing  chemica l  equat ion :
co. + 2H.o = 9,hr;fEpi:lf, 
- 
o, + cH,o + H2o
s u n l l g l
Remember  tha t  the  CO,  on  the  le f t  comes f  rom
the a tmosphere ,  and the  two water  mo lecu les  come
f  rom the  so i l .  The oxygen molecu le  (Or )  on  the  r igh t
is  re leased to  the  a tmosphere ,  the  s ing le  water
molecu le  i s  re leased as  vapor  to  the  a tmosphere  or
can condense w i th  o ther  mo lecu les  and dr ip  to  the
ground.  The CHrO molecu le  i s  re ta ined in  the  p lan t .
I t  may seem,  a t  f i r s t  g lance,  tha t  no th ing  much
happens in  th is  reac t ion ,  espec ia l l y  s ince  water
appears  on  bo th  s ides .  C loser  observa t ion ,  how-
ever ,  shows tha t  on ly  ha l f  the  quant i t y  o f  water  i s  on
the  r igh t .  In  fac t ,  th is  i s  new water  and does  no t  go
through the  reac t ion  unaf fec ted .  Sc ien t is ts  us ing
rad ioac t ive  t racers  have found tha t  the  a toms take
the  pa ths  shown in  the  fo l low inE equat ion .
I t  c a n  b e  s e e n  f  r o m  t h i s  e m p i r i c a l  f o r m u l a  t h a t
the  oxygen in  the  new water  came f  rom the  carbon
d i o x i d e  i n  t h e  a t m o s p h e r e .  I nf a c t ,  a l l t h e  m o l e c u l e s
o f  the  raw mater ia l  on  the  le f t  a re  b roken apar t  o r
a tomized by  energy  f  rom the  sun.  These ind iv idua l
a toms are  mixed in  the  smal l  spaces  w i th in  a  lea f  .
Because o f  the i r  h igher  energy  they  reun i te  in to
molecu les  hown on the  r igh t .  Some sc ien t is ts  have
descr ibed th is  ac t i v i t y  as  be ing  s imi la r  to  a  complex
assembly  l ine  in  a  fac to ry .
The carbon d iox ide  and the  water  mo lecu les
are  two molecu les  tha t  represent  low energy  con-
ten t .  The bonds ho ld ing  carbon and oxygen to -
ge ther ,  as  we l l  as  the  bonds ho ld ing  hydrogen and
oxygen together ,  a re  s t ronger  than those ho ld ing
the  compounds on  the  r igh t  s ide . together .  Energy
must  be  expended to  b reak  them apar t .  Th is  comes
f  r o m  t h e  s u n .  T h i s  s i t u a t i o n  i s  s o m e w h a t  s i  m i l a r  t o  a
la rge  bou lder  l y ing  a t  the  foo t  o f  a  h i l l .  l t  i s  in  i t s
lowest  energy  pos i t ion .  l t s  energy  has  been spent  by
r o l l i n g  d o w n h i l l .  l f  e n e r g y  i s  e x p e n d e d  a n d  t h e
bou lder  i s  l i f ted  and se t  on  the  top  o f  the  h i l l ,  i t  wou ld
be in  a  h igh  energy  pos i t ion .  Jus t  a  l i t t le  b i t  o f  energy
is  needed to  move the  bou lder  to  the  edge o f  the  h  i l l .
Then the  bou lder  seeks  ou t  the  low energy  pos i t ion
b y  r o l l i n g  d o w n  t h e  h i l l .
ldent i fy ing a Carbohydrate Molecule
Carbohydra te  molecu les  represent  energy  r i ch
a t o m i c  c o m b i n a t i o n s ,  i m i l a r  t o  t h e  b o u l d e r  o n  t o p
of  the  h i l l .  These molecu les  can be  recogn ized by
the  fac t  they  conta in  carbon (C) ,  hydrogen (H)  and
oxygen (O)wi th  the  hydrogen and oxygen a lways  in
the  ra t io  o f  water .  That ' s  what  the  word  carbo-
hydra te  means-carbon un i ted  w i th  water .  H is to r i -
ans  te l l  us  tha t  ear lv  chemis ts  susoec ted  tha t  water
molecu les  were  ac tua l l y  a t tached to  carbon mole-
cu les  in  the  carbohydra te  molecu le .  They  began
us ing  the  te rm "water -carbon"  wh ich  la te r  became
hydrocarbon.  However ,  a  very  impor tan t  fac t  must
be  po in ted  ou t  here .  The hydrogen and oxygen are
not  ac tua l l y  water  in  these molecu les  as  w i l l  be  seen
la te r  when d iagrams o f  th is  mo lecu le  a re  shown.
Empi r i ca l  fo rmulas ,  such as  CHrO or  CrH, rOu,
s i m p l y  i n d i c a t e  t h e  r a t i o  o f  a t o m s  i n  a  m o l e c u l e  b u t
no t  the  ac tua l  a r rangement .  There  are  severa l  ways
these a toms can be  connected  in  a  s tab le  molecu le
and some o f  these w i l l  be  shown la te r  in  ac tua l
d iagrams.
The way the  raw mater ia l  i s  b roken apar t  and
new,  h igher  energy  molecu les  f  o rmed may be  more
eas i l y  unders tood by  s tudy ing  F igure  3 .
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i n  th is  ra t io  in  open
soaces or cavit ies of a leaf
F i g . 3 . - C h e m i c a l  a c t i o n  c a u s e d  b y  e n e r g y  i n  s u n l i g h t .  E a c h
a tom has  been  numbered  o r  t agged  w i t h  a  subsc r i p t  a l l ow ing
each  t o  be  f o l l owed  t h rough  t he  reac t i on .  Each  I e t t e r  r ep resen t s
an  i nd i v i dua l  a tom.  A  c i r c l ed  g roup  o f  a toms  rep resen t s  a
mo lecu le .
Now,  no te  tha t  severa l  o f  the  molecu les  can be
put  together  by  the  p lan t  to  fo rm more  complex
carbohydra tes  as  the  fo l low ing  fo rmula  ind ica tes .
6CO, + 12H2O + 60, + 6u H,rOu * 6 HrO
Al l  the  molecu les  are  in  the  same ra t io  as  the  f i rs t
f o r m u l a .  T h e  c a r b o h y d r a t e  o n  t h e  r i g h t  i s  a  s i m p l e
sugar .  These molecu les  are  the  bu i ld ing  b locks  o f
the  o lan ts .
Researchers  have found tha t  the  carbohydra te
molecu les ,  pu t  together  by  p lan ts ,  can  be  d iv ided
in to  c lasses .  The f  i r s t  a re  shown in  F igure  4  and are
s i n g l e  m o l e c u l e s  c a l l e d  s i m p l e  s u g a r s  o r  m o n o -
sacchar ides .  The th ree  most  impor tan t  a r range-
ments ,  so  fa r  as  common produc ts  f rom wh ich
a l c o h o l  c a n  b e  m a d e ,  a r e  l i s t e d  i n  t h i s  f i g u r e  a s
g lucose,  f ruc tose  and ga lac tose .
Al l  th ree  can fo rm r ings  s imi la r  to  th is
F ig .  4 . -Monosacchar ides  or  s imp le  sugar  mo lecu les  are  made
up o f  s ing le  molecu les .  These are  the  s imp les t  o f  a l l  carbohydra te
molecu les .  A l l  o ther  carbohydra tes  are  combina t ions  o f  these
three  bas ic  mo lecu les .  These molecu les  can eas i l y  be  tu rned in to
a lcoho l  by  fe rmenta t ion .  These a lso  are  ca l led  isomers  because
each has  the  same number  o f  each k ind  o f  a tom but  a  s l ioh t lv
d i f fe ren t  s t ruc tu re .
Not ice  tha t  in  each ar rangement  the  number  o f
carbon a toms is  the  same.  Th is  i s  a lso  t rue  o f  the
hydrogen as  we l l  as  fo r  the  oxygen a toms.  Th is  i s
why the  empi r i ca l  fo rmula  does  no t  g ive  the  com-
p le te  s to ry  in  complex  molecu les .  D iagrams and
somet imes th ree-d imens iona l  mode ls  a re  neces-
sary  to  fu l l y  i l l us t ra te  them.
I t  i s  a l s o  q u i t e  c o m m o n  t h a t  t h e  l o n g ,  c h a i n - l i k e
m o l e c u l e s  b e c o m e  c o n n e c t e d  i n  c i r c u l a r  o r  r i n g -
l i ke  fash ion .  Th is  i s  shown by  the  g lucose molecu le
as  a  s t ra igh t  l ine  molecu le  on  the  le f t  and in  r ing
conf  igura t ion  on  the  r igh t .  Each molecu le  s t i l l  has
t h e  s a m e  n u m b e r  o f  e a c h  k i n d  o f  a t o m ,  w h e t h e r  i n  a
l i n e  o r  r i n g  a r r a n g e m e n t  s o  t h e  e m p i r i c a l  f o r m u l a
remains  the  same.  The r ing  ar rangement  i s  impor -
tan t  because i t  i s  in  th is  fo rm tha t  i t  can  be  jo ined to
o t h e r  s i m i l a r  m o l e c u l e s  t o  f o r m  s t i l l  m o r e  c o m p l e x
molecu les .
Refer  now to  F igure  5 .  A  second c lass  o f  carbo-
hydra te  molecu le  i s  shown w i th  th ree  o f  the  most
impor tan t  g roups  l i s ted .  These ar rangements  a l -
ways  conta in  two molecu les  and are  ca l led  complex
sugars  o r  d isacchar ides .  Not ice  tha t  to  make mal -
tose ,  two g lucose molecu les  are  combined.  To
0\0, u or/
l\-:--/t
l nd iv idua l  a toms are  mixed
make sucrose one molecu le  o f  g lucose and one o f
fructose come together.  Lactose is formed when
one molecu le  each o f  g lucose and ga lac tose  are
a t tached.  G lucose aopears  most  o f ten  in  a l l  these
combinat ions .  l t  i s  there fore  the  most  impor tan t
suoar .
Complex Carbohydrate Molecules
C, rHr .o , t
Mal tose  ( two g lucose) Sucrose Lactose
The th i rd  c lass  o f  carbohydra tes  is  very  com-
p lex .  One molecu le  may cons is t  o f  many s imp le
sugar molecules in a repeat ing structure somewhat
s imi la r  to  a  s t r ing  o f  iden t ica l  ra i l  cars .  These
complex  molecu les  are  ca l led  po lysacchar ides .
The most important ypes of polysaccharide, so
far as alcohol product ion is concerned, are starch
and ce l lu lose .  These are  too  compl ica ted  to  i l l us -
t ra te  in  th is  pub l i ca t ion  as  was done fo r  mono-
sacchar ides  in  F igure  4  and d isacchar ides  in F igure
5.  S tarch  and ce l lu lose  are  hooked together  in  a
s imi la r  way  to  the  mal tose  molecu le  shown in  F igure
5 except that the structure is repeated many t imes.
Diagrams of these two types of carbohydrates can
be found in advanced texts on plant sciences.
Most  peop le  have had exper ience w i th  ce l lu -
lose .  These are  the  molecu les  tha t  g ive  s t rength  to
the stalks and stems of plants.  Corn and potatoes
are  examples  o f  vegetab les  tha t  con ta in  la rge  quan-
t i t ies  o f  s ta rch .
Carbohydrates as Stored Energy
Now,  i f  good growing  cond i t ions  preva i l ,  we
have f  u l l y  g rown mature  p lan ts  w i th  carbohydra tes
s tored  as  s ta rch  or  ce l lu lose .  A l l  o f  these can be
conver ted  to  a lcoho l ;  the  more  complex  the  com-
pound the  more  d i f f  i cu l t  and cos t ly  i t  i s  to  p rocess .
There fore ,  the  par ts  o f  p lan ts  conta in ing  the  s imp ler
or  less  complex  molecu les  are  sought  fo r  use  in
produc ing  a lcoho l .  Less  complex  sugar  mo lecu les
are  found in  the  roo ts  o f  sugar  beets ,  car ro ts ,
po ta toes  or  a r t i chokes  and in  the  kerne ls  o f  wheat ,
corn  or  r i ce .  The s tem or  s ta lk  o f  sugar  cane is
u t i l i z e d  i n  a l c o h o l  o r o d u c t i o n .  T a b l e  2  l i s t s  c o m m o n
c lasses  o f  carbohydra tes  and the i r  uses .
Table 2.-Classes of Carbohydrates.
Carbohydra te  Descr ip t ion
Monosaccharides
Glucose The s imp les t  mo lecu la r  s t ruc tu re  o f  a l l
sugars .  Needs no  d iges t ion .  Can be
in iec ted  d i rec t l y  in to  the  b lood fo r
i m m e d i a t e  n o u r i s h m e n t .  H u m a n
d iges t ion  breaks  down a l l  carbohydra tes
to  g lucose.
Abundant  in  f  ru i t  ju ices  and in  honey .
Molecu les  jo in  together  to  make lac tose .
Produced f rom sprouted  gra in ;  as  'ma l t '
i t  conver ts  s ta rch  molecu les  to  s imp le
sr . rgars  f  o r  fe rmenta t ion .
Tab le  sugar .  D i rec t l y  f rom sugar  cane
or beets.
M i l k  s u g a r .
Carbohydra te  s to rage in  an ima ls .
Carbohydra te  s to rage in  p lan ts .
Ch ie f  (s t rength)  s t ruc tu ra l  component  o f
ce l l  wa l l s  o f  p lan ts :  ind iges t ib le  fo r
h  L rmans.
g lucose  r i ng
a n o
f ruc tose  r i ng
grucose f lng
ano
ga lac tose  r ing
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Fig .S. -Complex  carbohydra te  molecu les  are  made f rom the
three  bas ic  s ing le  molecu le  sugars .  On ly  the  mal tose  molecu la r
bu i ld r - rp  i s i l l us t ra ted .  Sucrose and lac tose  bu i ldup are  s imi la r .
The ac tua l  a t tachment  be tween two molecu les
is  made a t  the  ends  o f  the  r ing  where  there  is  an
h y d r o x y l  g r o u p  ( O H ) .  U n d e r  p r o p e r  c o n d i t i o n s
when the  two molecu les  ge t  c lose  together  the  two
hydrogen a toms and one oxygen hook  up  because
of  g rea t  a t t rac t ion  to  fo rm water  (HrO) ,  and the
remain ing  oxygen a tom connects  the  two mole-
cu les  together  in to  one la rge  molecu le .  Count  the
i n d i v i d u a l  a t o m s  i n  t h i s  l a r g e  m o l e c u l e  a n d  n o t i c e
t h e  1 2  c a r b o n , 2 2 h y d r o g e n  a n d  1 1  o x y g e n .  N o t i c e
the  hydrogen to  oxygen ra t io  remains  2  to  1 .  Wi th
the  carbon and the  HrO ra t io  i t  i s  s t i l l  a  carbohydra te
molecu le .  The emoi r i ca l  fo rmula  fo r  th is  ac t ion  is :
2  C , r  H , . ,  0 6  C , r H ,  O , ,  +  H r O
molecu les  have been jo ined by
T h i s  i s  k n o w n  a s  a  d e h y d r a t i o n
Thr - rs ,  two g lucose
remova l  o f  water .
p rocess.
I t  i s  very  impor tan t  to  remember  th is  ac t ion
s ince  in  the  process ing  o f  raw mater ia ls  in to  a lcoho l
the  reverse  o f  th is  p rocess  or  hydro lys is  (add ing
water )  i s  used to  reduce complex  carbohydra te
m o l e c u l e s ,  f o u n d  i n  p l a n t s ,  t o  s i m p l e  s u g a r s .  T h i s  i s
necessary  because yeas t  ce l l s  needed fo r  f  e rmenta-
t i o n  c a n  o n l y  i n g e s t  h e  s i m p l e  s u g a r  m o l e c u l e s .
FrLrctose
Galac tose
Disaccharides
Mal tose
SLrcrose
Lactose
Polysaccharides
Glycogen
Starch
C e l l u l o s e
The parts of mature plants to be processed into
a lcoho l  can  be  s to red  under  p roper  cond i t ions  fo r
many months  or  years ,  un t i l  ready  fo r  p rocess ing .
The ob jec t ive  in  the  process ing  procedure  is  to  ge t
a l l  complex  sugar  mo lecu les  broken down to  the
s imp le  sugar  mo lecu les  so  tha t  fe rmenta t ion  can
take p lace .
Conversion of  Carbohydrates
to Alcohol
The produc t ion  o f  e thy l  a lcoho l  may proceed as
shown in  F igure  6 .  P lan ts  tha t  s to re  carbohydra te  in
the  fo rm o f  sugars ,  s ta rch  or  ce l lu lose  are  l i s ted  in
th ree  co lumns.  These are  known as  b io -mater ia l
and are  renewab le  fo rms o f  energy .  Methy l  a lcoho l
can be  made f  rom foss i l  mater ia ls ,  such as  coa l ,  bu t
these are  f  in i te  f  ue ls  tha t  take  aeons o f  t ime to  fo rm.
Alcohol Product ion
Th is  b reaks  the  sk in  open and exposes  the  sugar
molecu les  fo r  qu ick  fe rmenta t ion .
The mater ia ls  in  the  s ta rch  co lumn requ i re
more preparat ion before fermentat ion. These must
be  mechan ica l l y  g round to  expose the  carbohy-
dra te  molecu les .  Water  and heat  a re  added to  fo rm a
ge la t in - l i ke  subs tance o f  h igh  s ta rch  conten t .  When
the water  conten t  and tempera ture  are  r igh t ,  a
chemica l  (enzyme)  ca l led  mal t  i s  added to  hydro-
lyze  the  la rge  molecu les  to  s imp le  sugars .  You
shou ld  reca l l  the  inverse  process  o f  dehydra t ion  in
F igure  5  when molecu les  o f  s ing le  sugars  were
hooked together  in  g rowing  p lan ts .
The ce l lu lose  mater ia ls  a re  the  most  d i f f  i cu l t  to
process .  Th is  i s  to  be  expec ted  s ince  wood and
s tems o f  p lan ts  a re  phys ica l l y  tough.  A  s t rong ac id
or  base (a lka l i )  i s  added to  a id  the  breakdown.  l f
hea t  i s  added the  process  is  qu icker ,  bu t  the  ex-
pense is  g rea ter  and more  energy  input  i s  requ i red .
S imple  sugar  mo lecu les  are  the  produc ts  o f  th is
breakdown.
Role of Yeast in the Fermentat ion Process
Af te r  s imp le  sugars  a re  fo rmed f rom the  raw
mater ia l ,  l i v ing  organ isms in  the  fo rm o f  yeas t  a re
added.  Yeas t  i s  made up  o f  mic roscop ic  p lan ts  tha t
are closely related to toadstools,  mushrooms and
molds .  They  may a lso  be  ca l led  " fung i . "  These
organ isms l i ve  as  paras i tes  on  the  sugar  and de-
compose or  d iges t  i t  d i rec t l y  in to  a lcoho l  and
c a r b o n  d i o x i d e .  T h e  e m p i r i c a l  f o r m u l a  f o r  t h i s
ac t ion  is  as  fo l lows:
C 6 H 1 2 O 6  2  C 2 H s  O H  +  2 C O ,
Some energy  is  taken f rom the  carbohydra tes  in
per fo rming  th is  d iges t ion .  Th is  energy  is  rad ia ted
away as  low grade heat  and in  p roduc ing  carbon
d iox ide .  In  o ther  words ,  i t  takes  some energy  fo r  the
organ isms to  l i ve .  Th is  i s  one reason why the
present  a lcoho l  manufac tur ing  sys tem is  ine f f  i c ien t .
The fermentat ion process usual ly takes place in
la rge  va ts .  The CO,  bubb les  to  the  top .  l t  can  be
vented  to  the  a tmosphere  or  co l lec ted  and so ld  i f
there  is  a  marke t  fo r  i t ,  such  as  f i re  ex t ingu ishers  o r
dry  i ce .  CO,  i s  a  low energy  molecu le .  Because CO,
wi l l  no t  burn ,  i t  can  be  used to  su f foca te  f  i res .  A lso ,
because i t  is in a low energy state i t  can be used as a
heat  s ink ,  tha t  i s ,  someth ing  co ld  tha t  heat  wt l l f low
in to .
The so l ids  tha t  cannot  be  comple te ly  d iges ted
by the yeast cel ls sett le to the bottom. These can be
used as  an imal  feed as  they  are  h igh  in  p ro te in .
Sugars
Phase I sugar cane
sugar beets
molasses
t ru  i t s
\-^./--,
Phase l l  crushers used
to extract the
ju ice  conta in -
ing  sugar
\-aa/
g rar ns
sweet potato
white potato
carrols
ar t i choke
\./\^-/
ground;  then
water and heat
added to form
ge la t in  o r  mash
\-.lv+.-l
starch and
enzyme (mal t )
added to hy-
drolyze sugar
:-r#
sugar, CrH,rOu
I\y
wood & by-products
mun ic ipa l  was te
paper
\-.--,-/
strong acid or base
added to  ch ipped or
ground material to
{orm sugar
Starch Cel lu lose
sugar, CuH,rOu
o
Phase l l l  Yeast ferments
sugar  to  a lcoho l
C u H , r O ,  
-  
2 C r H ' O H + 2 C O ,
F ig .  6 . -The raw mater ia l  o r  p lan ts  harves ted  f rom the  f  ie ld  a re
shown at phase l .  Next they receive specif ic treatments to reduce or
hydro lyze  the  complex  carbohydra te  molecu les  to  s imp le  sugar
(phase l l ) .  In  phase l l l  the  sugar  i s  fe rmented to  a lcoho l  and carbon
d iox ide .
The mater ia ls  in  the  f  i r s t  co lumn o f  F igure  6  a re
h igh  in  sugar  conten t ,  usua l l y  o f  the  d isacchar ide
form.  Some f ru i ts ,  such as  grapes ,  con ta in  la rge
quant i t ies  o f  the  s imp le  sugars .  The raw mater ia ls
are  sent  th rough some fo rm o f  mechan ica l  c rusher .
sugar, C.H,rOu
J
I
f
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Some cos t  may be  invo lved in  d ry ing  and hand l ing
depending on the total  system. Between the sett led
so l ids  and the  top  is  a  mix tu re  o f  a lcoho l ,  water  and
und iges ted  sugar  mater ia l .  Occas iona l  remova l  and
d is t i l l a t ion  w i l l  remove most  o f  the  a lcoho l  f rom th is
mix tu re .  Th is  i s  ca l led  a  ba tch  sys tem.  ln  some
sys tems th is  can be  a  cont inuous  process .
Water  and a lcoho l  mix  eas i l y  and some water
may be  car r ied  over  in  the  d is t i l l a t ion  process .  Thus ,
two or  more  d is t i l l a t ion  s teps  are  usua l ly  necessary
so  tha t  very  l i t t le  i f  any  water  remains  in  the  f ina l
a lcoho l  p roduced.  These d is t i l l a t ion  s teps  represent
a  major  energy  input ,  in  the  fo rm o f  heat .  Much work
needs to  be  done in  th is  a rea  to  make the  orocess
fas ter  as  we l l  as  more  energy  e f f  i c ien t  and poss ib ly
less  de l i ca te  so  i t  can  be  adopted  fo r  on- fa rm use.
One b ig  p rob lem in  the  a lcoho l  p roduc t ion
process  is  tha t the  mic roorgan isms (yeas t ) ,  l i v ing  on
the  sugar ,  cannot  to le ra te  a  very  h igh  concent ra t ion
of  a lcoho l .  They  beg in  to  d ie  o f f  because they
cannot  l i ve  in  the i r  own po l lu t ion .  l t  i s  bo thersome
and cos t ly ,  bu t  the  a lcoho l  concent ra t ion  must  be
lowered by  f requent ly  remov ing  the  a lcoho l  f rom
the va t  by  d is t i l l a t ion .  Th is  requ i res  h igh  energy
input  and new yeas t  must  be  added.  Research
sc ien t is ts  a re  now a t tempt ing  to  deve lop  new s t ra ins
o f  yeas t  ce l l s  tha t  w i l l  to le ra te  h igher  a lcoho l  cond i -
t ions .  Sys tems us ing  energy  o ther  than the  foss i l
fue ls  to  p rov ide  heat  fo r  d is t i l l a t ion  are  be ing  deve l -
oped.  S t i l l  o ther  sc ien t is ts  a re  work ing  on  ways  o f
remov ing  the  a lcoho l  o ther  than d is t i l l a t ion .
Ethyl  Alcohol:  The Final Product
The produc t  o f  a l l  the  s teps  f rom the  growing
p l a n t  t o  f i n a l  d i s t i l l a t i o n  i s  e t h y l  a l c o h o l ,  C r H u O H .
T h i s  i s  a  c o l o r l e s s ,  v o l a t i l e  a n d  f  l a m m a b l e  l i q u i d .  l t
can  be  used now as  a  f  ue l  in  ways  s imi la r  to  gaso-
l ine .  l t  can  bes tored  fo r  long  per iods  o f  t imeand ye t
be  ready  fo r  use  a t  a  moment 's  no t ice ,  mak ing  i t  as
conven ien t  as  gaso l ine .
The way a lcoho l  i s  used to  p roduce heat  energy
i s  i l l u s t r a t e d  i n  F i g u r e  7 .  T h e  e m p i r i c a l  f o r m u l a
crHsoH + 30, -) 2COr+  3  H rO
i s  shown a t  the  top  o f  the  f  igure .  Note  tha t  the  bonds
between the  a toms o f  the  energy  r i ch  a lcoho l
molecu le  a re  ind ica ted  as  be ing  weak.  l t  i s  as  i f  they
are  s t ra in ing  to  b reak  apar t ,  somewhat  s imi la r  to  a
bou lder  perched on  a  h i l lbe ing  tugged a t  by  g rav i ty .
Combust ion of Alcohol
The l iqu id  a lcoho l  must  be  vapor ized  in  p repa-
r a t i o n  f o r  b u r n i n g  o r  o x i d a t i o n ,  t h a t  i s  u n i t i n g  w i t h
o x y g e n .  I n  a n  e n g i n e ,  t h i s  t a k e s  p l a c e  i n  t h e  c a r b u -
re to r .  Some s l igh t  mod i f i ca t ion  o f  the  carbure tor
may be  necessary ,  espec ia l l y  i f  a lcoho l  i s  no t  mixed
w i t h  g a s o l i n e .  H e a t  m u s t  b e  a d d e d  t o  t h e  i n c o m i n g
f  ue l  because a lcoho l  does  no t  vapor ize  as  eas i l y  as
gaso l ine .  A  very  smal l  por t ion  ( jus t  a  few drops)  o f
the  l iqu id  i s  vapor ized  and mixed w i th  exac t ly  the
number  o f  mo lecu les  o f  oxygen ind ica ted  as  neces-
s a r y  i n  t h e  e m p i r i c a l  f o r m u l a .  T h i s  i s  s h o w n  i n  t h e
second s tep  o f  F igure  7 .  Note  the  s ing le  la rge
a lcoho l  mo lecu le  sur rounded by  the  th ree  oxygen
molecu les .  Th is  i s  the  ra t io  demanded by  the  em-
p i r i c a l  f o r m u l a .  S u r r o u n d i n g  t h e s e ,  j u s t  a  s m a l l
f  rac t ion  o f  a  mi l l imeter  away,  w i l l  be  more  molecu les
in  th is  same ra t io .  Th is  represents  the  cor rec t  gas  or
v a p o r  m i x t u r e  o f  m i l l i o n s  o f  m o l e c u l e s  t h a t  c o u l d  f  i l l
a  vo lume,  such as  the  ins ide  o f  the  cy l inder  o f  an
eng ine .
Step 1. Empir ical Formula
A lcoho lvapor  A tmosphere
c ,HsoH 1  3  o?  : : * i i : : l  2co ,  r  311,e(weak bonds)  \s t rong bonds)
Step 2. Vaporizal ion and Mixing
L iqu id  f  ue l  must  De vaPor ized  and
mixed in  th is  ra t io ,  th ree  oxYgen
atoms fo r  each a lcoho l  a tom.
Slep 3. The Spark
The energy  f  rom
a sparK snar rers
a l l  the  bonds o f
the  4  molecu les .
Slep 4. Energy Oul
Atoms snap
together  l i ke
th is  because
at t rac t ion  is
grea ter .
(takes energY)
F i g . 7 . - B u r n i n g  a l c o h o l  f o r  e n e r g y .  I n  s t e p  4 ,  w h e n  l h e  a t o m s
snap together ,  the  resu l t ing  co l l i s ion  causes  the  new molecu les
to  v ib ra te  v io len t ly ,  thus  g iv ing  o{ f  energy .
o o
- n
H ^ H ;  C
0
H H
n
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0
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H H
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In  the  th i rd  s tep  o f  F igure  7 ,  a  spark  occurs  a t
some po in t  w i th in  the  gas  mix tu re .  The energy  o f
th is  soark  b reaks  a l l  the  bonds o f  the  a lcoho l  and
oxygen molecu les  in  a  very  smal l  vo lume sur round-
ing  the  spark .  These f reed a toms snap together  as
shown in  s tep  4  because they  have a  grea ter
a t t rac t ion  ( l i ke  the  la rge  bou lder  ro l l ing  down the
h i l l )  fo r  each o ther .  When these a toms co l l ide  the
resu l t ing  co l l i s ions  cause v io len t  v ib ra t ions  tha t
g ive  o f f  energy  to  ad jacent  mo lecu les  ( th is  i s  the
f lame f ron t ) ,  sha t te r ing  the i r  bonds .  A  repeated
cha in  reac t ion  progresses  th rough the  gas  mix tu re
unt i l  a l l  a toms have a t tached in  the i r  lower  energy
form shown on the  r igh t  o f  the  empi r i ca l  fo rmula .
The v io len t  v ib ra t ions  o f  a l l  the  a toms co l l id ing
as they snap together in their  low energy state cause
the  tempera ture  and pressure  to  r i se  w i th in  the
eng ine  cy l inder .  Th is  fo rce  pushes  aga ins t  the
p is ton  caus ing  i t  to  move so  tha t  mechan ica l  mot ion
is  ooss ib le .  Th is  mechan ica l  mot ion  can be  har -
nessed to do useful  work.
A  la rge  por t ion  o f  the  v ib ra to ry  mot ion  o f  the
atoms w i th in  the  gas  beat  aga ins t  he  s ides  and top
of  the  cy l inder .  Th is  ac t ion  ra ises  the  tempera ture  o f
th is  meta l .  Th is  represents  los t  energy  tha t  i s
re jec ted  in to  the  a tmosphere  by  the  eng ine  coo l ing
sys tem and cannot  be  tu rned in to  use fu l  work .  l t  i s
the  job  o f  des ign  eng ineers  to  a t tempt  o  keep these
losses as low as oossible.
Burning Biomass: An Alternative
There  is  an  a l te rna t ive  method o f  u t i l i z ing  ma-
tu re  c rops .  A f te r  the  c rops  have been harves ted ,
they  cou ld  be  tu rned d i rec t l y  in to  heat  energy  by
b u r n i n g .  I n  f a c t ,  m u c h  m o r e  h e a t  w o u l d  b e  a v a i l a b l e
by  th is  method than a f te r  be ing  processed in to
a lcoho l .  Energy  is  taken f rom the  mater ia l  to  sup-
por t  the  fe rmenta t ion  process  (yeas t  metabo l ism
requ i rement ) ,  and los t  carbon d iox ide  and energy
m u s t  b e  p u t  i n  a t  t h e  c r u s h i n g  o r  g r i n d i n g ,  c o o k i n g
a n d  d i s t i l l a t i o n .  I n  a d d i t i o n ,  i f  c e l l u l o s e  i s  b e i n g
processed energy  a lso  is  used to  make the  ac id  o r
a lka l i  needed fo r  the  in i t ia l  t rea tment .
Why then the  in te res t  in  a lcoho l  p roduc t ion?
C o n v e n i e n c e .  T h e  l i q u i d  a l c o h o l  c a n  b e  h a n d l e d  i n
ways  very  s imi la r  to  gaso l ine .  l t s  conven ience is
we l l -known,  especra l l y  as  a  fue l  fo r  a  mu l t i tude  o f
var ious  mob i le  veh ic les .  There  are  many cases ,
however ,  where  the  bu lky  b io -mater ia ls  cou ld  be
burned w i th  very  l i t t le  p reprocess ing .  One example
is  the  burn ing  o f  corn  s ta lks  and cobs  to  f  u rn ish  heat
f o r  d r y i n g  g r a i n  r a t h e r  t h a n  u s i n g  fu e l  o i l  o r  p r o p a n e .
Th is  same mater ia l  can  be  used to  heat  la rge  an imal
s t ruc tu res  or  p lan t  g rowing  s t ruc tu res  l i ke  g reen-
houses .  Some des ign  work  i s  be ing  done on  cent ra l
power  p lan ts  tha t  cou ld  be  fue led  by  b iomass
mater ia ls .
In  a l l  these cases  the  burner  o r  f  u rnace wou ld
remain  s ta t ionary  and the  la rge  masses  o f  b io -
mater ia l  cou ld  be  harves ted  and packaged,  l i ke
la rge  round ba les ,  f rom fa rm land sur round ing  the
burner  s i te  and t ranspor ted  to  i t .  Here  the  mater ia l
wou ld  be  s to red  so  i t  cou ld  be  moved to  the  burner
as  needed.  The cont ras t  in  conven ience be tween
the  raw b io -mater ia l  and the  l iqu id  a lcoho l  where
mobi l i t y  i s  essent ia l  i s  obv ious .
The Complete Renewable Cycle
With  the  burn ing  o f  e thy l  a lcoho l  and the
produc t ion  o f  carbon d iox ide  and water ,  the  cyc le  o f
renewab le  a lcoho lenergy  is  comple te .  Green p lan ts
wi th  energy  f rom the  sun can take  these produc ts
and s ta r t  them on the i r  way  aga in  to  becoming
energy-enr iched carbohyd ra te  molecu les .
F igure  8  i s  an  i l l us t ra t ion  o f  th is  en t i re  cyc le .
The cyc le  can s ta r t  a t  any  po in t ,  bu t  i t  i s  most  log ica l
to  s ta r t  a t  p lan t ing  t ime.  Seeds o f  the  des i red  p lan ts
are  sown in  p repared ground a t  the  proper  t ime o f
the  year .  The seeds  sprou t  and grow to  mature
p lan ts ; they  are  then harves ted .  Enough seeds  f rom
the mature plants must be saved to assure a new
c r o p .  T h e  p l a n t i n g  a n d  g r o w i n g  u s u a l l y  t a k e  j u s t  a
few weeks  t ime.  A t  harves t  the  par ts  o f  the  p lan ts  to
be used fo r  a lcoho l  (ca l led  b iomass)  may be  s to red
for  var ious  lengths  o f  t ime depend ing  on  when the
a l c o h o l f u e l  i s  n e e d e d .  l t  c o u l d  b e  i u s t  a  f e w  d a y s  o r
several  years.
When a lcoho l  fo r  fue l  i s  needed,  the  b iomass
mater ia l  s ta r ts  th rough the  process ing  p lan t .  The
process ing  t ime is  usua l ly  four  to  f i ve  days .  The
produc t ,  a lcoho l ,  can  be  s to red  fo r  any  length  o f
t i m e  a n d  u s e d  i n  d e s i r e d  q u a n t i t i e s .  T h e  b u r n i n g  o f
the  a lcoho l fo r  heat  energy  y ie lds  p roduc ts  tha t  can
be used by  new p lan ts ,  and thus  the  cyc le  i s
comple ted .
Tab le  3  l i s ts  some p lan ts  tha t  cou ld  be  used to
produce a lcoho l  and compares  each in  severa l
ways .  Poss ib ly  the  most  impor tan t  compar ison  is
t h e  c o l u m n  g i v i n g  y i e l d  o f  a l c o h o l  i n  g a l l o n s  p e r
acre  (Y ie ld ,  Ga l /Acre) .
Other  fac to rs  must  be  cons idered,  such as
harves t ing .  The feas ib i l i t y  o f  g rowing  the  p lan t  in
cer ta in  loca l i t ies  o r  how much labor  i s  invo lved in
1 2
CO, from atmosphere
akes energy
could be burned
to produce heat
energy.
CO, to the atmosphere
H2 to atmosphere and ground
Harvesting
Plant ing
Storage t ime
of the raw
material  can
vary.
Processing
Heat
Energy
Out Storage of  the
alcohol  fuel  can
be of  var ied t ime.
Fig '  8 . -The raw mater ia l  cyc le  o f  a lcoho l .  Energy  t rom the  sun is  s to red  f  o r  awh i le  as  po ten t ia l  chemica l  energy  in  the  mater ia l .  When
a lcoho l  i s  burned the  energy  s ta r ts  on  i t s  way  aga in ,  never  to  re tu rn .
p lan t ing  or  harves t ing  must  be  taken in to  account .
Another  fac to r  migh t  be  the  res id r . ra l ,  g iven  in  the
las t  co lumn o f  Tab le  3  o r  what  i s  le f t  a f te r  harves t ing
the  par ts  to  be  processed to  a lcoho l .  Th is  res idua l
mater ia l  can  be  used fo r  heat  in  some s teos  o f  the
process ing  procedure ,  such as  d is t i l l a t ion .
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Table 3.-Alcohol Yielding CroPs.
Name
Average
Yie ld
Lb/Bu Ton/Acre
Ferment
o/o
Alcoho l
Ga l /Bu
1 . 9
2 .4
2 . 2
1 . 0
1 . 8
2 . 2
2 . 6
0 .3
0 .6
o.7
0.9
Yie ld  Res idua l
Gal/Ton Gal/Acre Lb/Ton
.4
.3
e
48
48
50
a
o)
U)
48
56
5b
32
45
56
60
55
60
60
55
1 1
5 1
1 6
1 1
1 0
'11
I
I
55
62
54
58
54
44
55
54
59
7 1
1 5
1 6
23
1 5
70
22
1 4
1 4
'15
1 2
1 1
72
8 1
79
84
80
64
80
79
85
1 0
20
23
34
623
97
420
207
7 1
1 1 9
1 3 0
78
1 6 6
1 9 5
7 1
1 6 8
1 1 1
51
1 8 3
55
77
1 1 6
1 8 0
263
178
1 0 0
40
46
/ b
34
58
152
1 6 6
646
446
488
846
520
542
538
76
1 0 4
76
92
4 1
237 gal
1 9
14.4
5 . 2
7 . 9
1 1 . 3
6 .8
2 . 3
2 .4
0 .9
2 .0
1 . 4
0 .8
2 .3
o.7
0.9
1  1 . 8
9 .0
1 1 . 5
5 .2
a
o
(U
o
K e y :  G a l / B u = G a l l o n s p e r B u s h e l ;  G a l / T o n = G a l l o n s p e r T o n ;  G a l / A c r e = G a l l o n s p e r A c r e ;  L b / T o n =  P o u n d s p e r T o n .
Comparison of Alcohol and
Gasoline as Fuels
A compar ison o f  a lcoho l  w i th  gaso l ine  is  now in
order .  The genera l  pub l i c  i s  fami l ia r  w i th  the  te rm
gasoho l .  Th is  i s  a  name g iven to  the  mix tu re  o f
gaso l ine  and a lcoho l  in  the  ra t io  o f  9  to  1  fo r  use  in
automobi les .
Users  o f  th is  mix tu re  genera l l y  agree  tha t  they
11et better performance than with straight 100 per-
cent  gaso l ine .  The i r  comments  cover  a l l  phases  o f
d r iv ing ,  inc lud ing  mi les  per  ga l lon .  To  da te ,  there
have been no publ ished reports of detai led research
on the actual performance of these mixtures.
There have been a few art ic les on the use of 100
percent  a lcoho l  as  a  motor  f  ue l  in  fo re ign  count r ies ,
namely Brazi l .  This country apparent ly is putt ing
for th  a  major  e f fo r t  to  have a l l  veh ic les  opera te  on
a lcoho l .  A  comple te  na t ionwide  sys tem is  be ing
designed to sat isfy that need.
The segment of society in the United States that
possibly could look at the use of 100 percent alcohol
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i s  o f f - road eng ines  in  agr icu l tu re .  These wou ld  be
the  t rac to r  and o ther  eng ine  dr iven  equ ipment  used
on the  fa rms fo r  c rop  produc t ion .  A  su f f i c ien t
por t ion  o f  our  p roduc t ion  land cou ld  be  used fo r
ra is ing  c rops  des t ined fo r  a lcoho l .  Assoc ia ted  pro-
cess ing  fac i l i t i es  a lso  wou ld  be  needed.  The remain-
ing  land wou ld  be  fo r  food produc t ion .  The produc-
t ion  agr icu l tu re  indus t ry  wou ld  be  energy  se l f -su f f  i -
c i e n t .  T h i s  s i t u a t i o n  i s  s i m i l a r  t o  t h e  t i m e  w h e n
produc t ion  agr icu l tu re  was dependent  on  horses .
The fa rmer ,  dur ing  those t imes,  a lways  had to  p lan
on us ing  a  por t ion  o f  h is  land to  p roduce food fo r the
horses .  l f  100  percent  a lcoho l  were  to  be  used in
fa rm t rac to rs  today  i t s  use  wou ld  be  more  e f f  i c ien t
than agr icu l tu ra l  p roduc t ion  w i th  horses  because
the  t rac to r  uses  energy  on ly  wh i le  work ing ,  wh i le
the  horse  used i t  a l l  the  t ime,  whether  work ing  or
no I .
Table 4 compares some of the aspects of gaso-
l ine  and a lcoho l .  F i rs t  o f  a l l ,  i t  i s  no ted  tha t  to  do  a
cer ta in  job  requ i r ing  100 ga l lons  o f  gaso l ine  about
160 ga l lons  o f  a lcoho l  wou ld  be  requ i red .  Th is
shows tha t  a  ga l lon  o f  a lcoho l  does  no t  con ta in  as
much energy  as  a  ga l lon  o f  gaso l ine .  In  fac t ,  i t  takes
about  60  percent  more  ga l lons  o f  a lcoho l  to  do  a  job
than i f  on ly  gaso l ine  were  used.
Table 4.-A Comparison of Gasol ine and Alcohol.
Character ist ic Gaso l ine Alcoho l
number  o f  ga l lons  to  do  the  same job  as  w i th
gaso l ine .
These facts are true because of the nature of the
molecu les  mak ing  up  each f  ue l .  The main  d i f fe rence
between propane,  C.Hu,  o r  gaso l ine ,  CuH,o ,  and
a lcoho l ,  CrH 'OH,  i s  tha t  a lcoho l  a l ready  has  an
oxygen a tom a t tached.  Th is  lessens  the  amount  o f
oxygen f  rom the  a tmosphere  tha t  can  un i te  w i th  the
carbon and hydrogen dur ing  combust ion .  Some
research  is  now tak ing  p lace  a t tempt ing  to  f ind
e f f i c ien t  ways  to  remove th is  oxygen f rom a lcoho l
and produce gaso l ine .  There  are  no  pub l ished
resu l ts  o f  la rge  sca le  successes .
Due to  the  f  ac t  tha t  there  is  less  energy  in  each
ga l lon  o f  a lcoho l ,  a  veh ic le  w i l l  have to  car ry  about
60  percent  more  fue l .  S torage fac i l i t i es  and bu lk
hau l ing  w i l l  be  la rger .  In  most  cases  these d isad-
vantages  w i l l  be  o f  l i t t le  concern .  However ,  a l l
fac i l i t i es  w i l l  have to  make cer ta in  tha t  no  water  i s
a l lowed to  en ter  the  a lcoho l .  These mix  read i l y  and
are  cos t ly  to  separa te .  Wi th  gaso l ine ,  the  water  s tays
separate and goes to the bottom.
Cor ros ion  res is tan t  mater ia ls  must  be  used
when concent ra t ions  h igher  than 30  percent  a lco-
ho l  a re  used.  A lso ,  the  veh ic les  u t i l i z ing  these h igh
concent ra t ions  w i l l  need to  be  a l te red  s l igh t ly  to
keep per fo rmance and e f f  i c iency  as  h igh  as  poss i -
b le .  For  the  10  to  20  percent  mix ,  no  a l te ra t ion  is
needed.
At  the  present  ime the  to ta l  sys tem o f  a lcoho l
produc t ion  is  ra ther  sens i t i ve  o r  c r i t i ca l  in  tha t  l i v ing
subs tances ,  such as  f ie ld  p lan ts  and mic roorga-
n i s m s ,  a r e  i n v o l v e d .  H i g h  q u a l i t y  h u s b a n d r y  a n d
constan t  watch f  u lness  is  necessary .  By  u t i l i z ing  the
crop 's  res idue fo r  inpu t  energy  in  cer ta in  phases ,
more  energy  can be  ob ta ined f rom the  c rop  than is
pu t  in .  Research  migh t  p rov ide  some break throughs
to  make process ing  more  e f f  i c ien t .
The b ig  p lus  f  ac to r ,  however ,  i s  tha t  p roduc t ion
o f  a l c o h o l f  o r f  u e l  i s  a  p r e s e n t  p o s s i b i l i t y  a n d  c e r t a i n
cr i t i ca l  segments  o f  our  soc ie ty  cou ld  become
energy  independent  by  u t i l i z ing  i t .
Octane rat ing
Btu  per  pound
Btu  per  ga l lon
q 5
20,000
124,OOO
99
12,000
95,000
The same fac t  i s  t rue  o f  o ther  fue ls  as  we l l .  For
example ,  to  do  a  g iven job ,  i t  takes  about  20  percent
more  ga l lons  o f  p ropane than gaso l ine .  However ,  to
do th is  same job  w i th  d iese l  wou ld  requ i re  about  8
percent  less  fue l  as  compared to  gaso l ine .  l f  na tura l
gas  were  l iqu i f ied  i t  wou ld  take  a lmost  doub le  the
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Questions
To stimulate thought and greater understanding ofethyl alcohol as a f uel, answer these questions with
the best word(s) to make a true statement. Refer to the text when necessary.
1.  Ethy l  a lcohol  is  whi te  in  co lor .  (T or  F)
2. Ethyl  alcohol is f rom a renewable source. (T or F)
3. The source of energy for al l  l iv ing plants is the
4.  Photosynthesismeans
5. An electron can be removed from its orbit around the nucleus of an atom. (T or F)
6. Photons are the source of energy f  rom the sun that force electrons from their  orbi ts.  (T or F)
7. The component in green parts of plants that reacts to sunlight is
8.  The ac t ion  o f  sun l igh t  on  green par ts  o f  p lan ts  i s  s im i la r  to  the  ac t ion  o f  sun l igh t  on  an  e lec t r i c  eye .
(T or F)
9. Much more photosynthesis takes place in green in iceans than green plants on land.
1 0 .  T h e  n a m e is given to the molecules created by the act ion of photosynthesis.
11. Scient ists est imate that green plants on land create tons of carbohydrates each year.
12. The carbon dioxide that plants use to make carbohydrates comes from the
13. Carbon dioxide and water are low energy molecules. (T or F)
14 .  The word means carbon united with water.
15 .  S imp le  sugars  o f  s ing le  molecu les  are  ca l led
16. Two r ing-shaped sugar molecules can attach to each other,  and a water molecule be removed. This
process  o f  jo in ing  is  ca l led
17.  A f te r  two s ing le  sugar  mo lecu les  are  jo ined,  they  are  ca l led
18.  When more  than two s imp le  sugar  mo lecu les  jo in ,  they  fo rm a  long cha in - l i ke  molecu le  ca l led  a
19. After harvest ing the parts of mature plants to be made into alcohol fuel ,  these parts can be stored for
long per iods  o f  t ime.  (T  o r  F)
20 .  The te rm process ing  means to  b reak  the  complex  molecu les  found in  most  p lan ts  in to  s imp le  sugar
molecu les .  (T  o r  F)
21 .  Enzymes are  chemica ls  tha t  a re  used to  he lp  b reak  the  la rger  more  complex  molecu les  apar t .  (T  o r  F)
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22.
23.
24 .
25.
26.
z t .
28.
29.
30 .
3 1 .
32.
34 .
S imple  sugar  mo lecu le  i s  the  goa l  o f  p rocess ing .  (T  o r  F)  
_
Yeast  i s  composed o f  l i v ing  organ isms omet imes ca l led
Fung i  (yeas t )  have the  na tura l  ab i l i t y  to  d iges t  s imp le  sugar  mo lecu les  to
The d iges t ive  process  o f  yeas t  on  the  s imp le  sugar  mo lecu le  i s  ca l led
Alcohol is the byproduct or waste from the fermentat ion process. (T or F)
The fermentat ion process by yeast on simple sugar forms carbon dioxideas a byproduct.  (T or F)
is required in the fermentat ion process.
is the process of separat ing the water and alcohol af ter fermentat ion.
is  requ i red  in  the  d is t i l l a t ion  process .
Alcoho l  can  be  hand led  as  a  f ue l  s im i l a r l y  t o  gaso l i ne .  (T  o r  F )
The  bu rn ing  o f  a l coho l  f o rms  ca rbon  d iox ide  and
The burn ing  o f  a lcoho l  comple tes  the  renewab le  nergy  cyc le .  (T  o r  F)
The produc ts  o f  burn ing  can be  used by  growing  p lan ts  in  the  renewab le  nergy  cyc le .  (T  o r F)
35.  A lcoho l  has  the  same energy  per  ga l lon  as  gaso l ine .  (T  o r  F)
Answers
1 .  F  ( l t  i s  c o l o r l e s s . )
2 , 7
3 .  s u n
4.  Put  together  w i th  l igh t
5  T  (Th is  i s  ca l led  ion iza t ion . )
6 .  T  (The amount  o f  energy  in  a  photon  is  ca l led
q u a n t u m . )
7 .  c h l o r o p h y l l
8 .  T  (The photons  o f  sun l igh t  can  fo rce  e lec-
t rons  f  rom the i r  o rb i ts  a round la rge  molecu les
o f  ch lo rophy l l  o f  p lan ts  o r  f rom orb i ts  o f
ces ium in  a  photoe lec t r i c  ce l l . )
9 .  a lgae
10.  carbohydra te
1 1 .  4 0 0  b i l l i o n
12.  a tmosohere
1 3  T
14 carbohydra te
15 monosacchar ides
16.  dehydra t ion
17 .  d isacchar ides
18.  po lysacchar ide
1 9 .  T
20. T
2 1 .  T
2 2 .  T
2 3 .  f  u n g i
24 .  a lcoho l
25 .  fe rmenta t ion
26. T
2 7 .  T
28.  energy
29.  d is t i l l a t ion
30.  energy
3 1 .  T
32.  water
3 4 .  T
35.  F
1 7
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